Effects of Net Toroidal Current on LHD Equilibrium with n = 1 Island by R. Kanno et al.
§32. Effects of Net Toroidal Current on LHD 
Equilibrium with n = 1 Island 
Kanno, R., Nakajima, N., Hayashi, T., Okamoto, M. 
Effects of a net toroidal current on a Large Helical 
Device (LHD) equilibrium with n = 1 islands are numer-
ically studied by using the three dimensional MHD equi-
librium code HINT with full torus calculations. Here, m 
is a poloidal mode number and n is a toroidal mode num-
ber. An LHD equilibrium with an m/n = 2/1 island, 
which are produced by error magnetic fields, is calcu-
lated in this report. Here, we assume that in this calcu-
lation, the outside of a flux surface with the rotational 
transform of ~/27r = 1 is deleted by a limiter. Poincare 
plots of magnetic field lines for the vacuum are given in 
Fig. 1a. The vacuum magnetic field is defined in a case 
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Figure 1: Poincare plots of field lines at the vertically elongated 
poloidal cross-section: (a) the vacuum and (b) {30 = 2.8 % without 
a net toroidal current. Here {30 means the central beta. 
of Bo = 3 T and Ro = 3.75 m, where Eo and Ro are the 
strength of magnetic field at the magnetic axis and the 
major radius of the axis for the vacuum, respectively. A 
pressure, defined by the peaked profile P = Po (1 - s) 2, 
is provided into the vacuum field, and this situation is 
chosen to be the initial condition of relaxation equa-
tions. Here, Po is a value of pressure at the axis and s 
the normalized toroidal flux. The island structure with 
m/n = 2/1 in Fig. la remains in the equilibrium with 
(30 = 2.8 % as is shown in Fig. Ib, where (30 is a cen-
tral beta value. We can easily expect that if the beta 
value increases under the currentless condition, the is-
land grows and finally destroys magnetic surfaces. To 
eliminate the island, we change a profile of the rota-
tional transform by using a net toroidal current . If the 
resonant surface with Tn / n = 2/1 does not exist in the 
equilibrium, the island can not appear. \Ve calculate 
the equilibrium with an additive Ohmic-like current for 
(30 = 2.3 % and find that the island disappears because 
there is no resonant surface with m/n = 2/1, see Fig. 
2 where an Ohmic-like current is defined by a profile ~hich is directly proportional to the pressure. Here, a 
profile of the rotational transform ~/27f is obtained by 
calculating a poloidal rotating angle of a field line and 
an effective minor radius is given by estimating a radius 
of a corresponding circle to a flux surface, i.e. the ef-
fective radius is evaluated by averaging minor radii over 
the flux surface. The profile of ~/27r for the current-
less case (the dot line in Fig. 2b) is flattened in the 
island region with ~/27r = n/m = 1/2; this region is 
very narrow in Fig. 2b. The island region disappears 
for the case with the net toroidal current (the solid line 
in Fig. 2b), because the iota profile does not cross the 
resonance of ~i27r = 1/2. As a result, we expect that 
by using a net toroidal current, properties of an LHD 
equilibrium with n = 1 islands can be controlled in the 
LHD experiment. We focused on properties of an LHD 
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Figure 2: (a) Poincare plots of field lines at the verticall~ elon-
gated poloidal cross-section for a case of {30 = 2.3 % With an 
additive Ohmic-like current of about 50 kA and (b) profiles of 
the rotational transform for cases without a net toroidal current 
(dot line) and with the current (solid line). Here, the dot and 
solid lines correspond to the cases of Fig .lb and (a) in this figure , 
respecti vely. 
equilibrium with the m/n = 2/1 island in this report. 
When an m / n = 1/1 island is formed at the edge region 
in order to improve the transport, the island should not 
suppress the equilibrium beta limit and not be elimi-
nated by a net toroidal current. The analysis of the 
equilibrium with an rn/n = 1/1 island is not performed 
in this report because there is a difficulty that the island 
is formed close to the helical coils and the HINT code 
can not treat coils yet. We are developing a modified 
HINT code where the existence of coils is allowed in the 
code. \Ve will report these problems in the near future. 
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